Objective: The aim of this cadaveric study was to investigate the efficacy of the modified Stoppa approach in Ganz periacetabular osteotomy (PAO). Methods: The Ganz PAO was performed on 10 hemipelvises with normal hips, from 5 cadavers using the modified Stoppa approach through the Pfannenstiel incision. All of the osteotomies were performed under fluoroscopic control and direct visualizing the osteotomy site from the same incision. After the osteotomy, the acetabulum was medialized and redirected anterolaterally, and fixed with 2 screws. The neurovascular structures and the joints were examined by dissecting the soft tissues after fixation of the osteotomies. Outcome parameters were center-edge (CE) angle, the distances between the osteotomy and anterior superior iliac spine (ASIS), and between the osteotomy and the sciatic notch, neurovascular and joint penetrations. Results: After the osteotomy, the mean CE angle was improved from 19.8 to 25.2 , mean distance between the osteotomy and ASIS was 3.1 cm, and the mean distance between the osteotomy and the sciatic notch was 10.2 mm. The neurovascular structures and the joints were examined by dissecting the soft tissues after fixation of the osteotomies. No damage to the joint, surrounding arteries, veins or nerves was detected in any of the cadavers. Conclusions: Bilateral dysplastic hips can be treated with a 10 cm, cosmetically more acceptable incision in the same session using this approach. Quadrilateral surface of the acetabulum can be directly seen using this approach and the osteotomy can be safely performed.
Introduction
Periacetabular osteotomy is a restorative surgery for patients with hip dysplasia. There is consensus in the literature that untreated hip dysplasia progressively advances to arthritis. 1, 2 Patients with acetabular dysplasia should be treated immediately after diagnosis rather than after symptoms appear or become more severe. 3, 4 Surgical treatment attempts to convert the pathological shear force to a normal compressive force and prevent focal damage to the cartilage. As the weight-bearing area of the acetabulum decreases and the joint surface is lateralized, joint contact pressure increases, creating a condition which causes early osteoarthritis. 2, 5, 6 Several osteotomies for the treatment of dysplastic hips have been described in the literature. 1,3e5,7e12 The Ganz periacetabular osteotomy (PAO) involves extensive exposure and careful cutting of the pelvic bones, as well as offers the advantages of a single incision, making higher amounts of corrections and pelvic continuity due to intact posterior colon. 12 However, during this process, major complications may develop. 1, 5, 13, 14 The most frequently encountered complication during the surgery is penetration of the osteotome into the joint; some authors have reported a 2.7% rate for this complication, which arises as a result of the inability to visualize the quadrilateral surface. 15 There are reports in the literature documenting the use of different approaches that aim to reduce complications and decrease the duration of surgery and hospitalization, comparing the results with those of the standard approach.
16e18 Some authors have focused on better visualization of the osteotomy site to achieve this aim. 19 Similarly, it was hypothesized in the present study that Ganz PAO with modified Stoppa incision would be easier and safer than the standard approach. The modified Stoppa surgical approach was first described in 1993 by Cole et al for the treatment of acetabular anterior colon fractures. 20 With this technique, the acetabular fracture is indirectly reduced, and fixation is possible. No previous studies have attempted to perform PAO using this approach. PAO surgery involving a more minimally invasive method has positive effects on postoperative patient satisfaction. It was hypothesized in the present study that a medial colon osteotomy could be performed more easily using the modified Stoppa approach. The aim of this cadaveric study was to investigate the applicability of Ganz PAO surgery with the modified Stoppa surgical technique, the possible complications that may affect critical neurovascular structures, and the avoidance of penetration into the joint by osteotome or screw.
Materials and methods
This study was approved by the Board for Experimental Research in Forensic Medicine. PAO with modified Stoppa approach was performed on 10 hemipelvises of 5 fresh cadavers: 3 females and 2 male, aged 25, 31, 33, 37, and 40 years. Mean height of the cadavers was 172 cm (range: 160e178 cm), and mean weight was 84 kg (range: 56e98 kg). Hips with advanced osteoarthritis were not included in the study, and because there were no cadavers with dysplastic hips, the osteotomies were performed on hips with normal acetabulums.
The same surgical technique was performed for each cadaver by the senior author. The technique described by Cole et al was utilized to provide effective acetabular surgery. 20 Before the osteotomy procedure, anteroposterior pelvic radiographs were obtained, and center-edge (CE) angles were measured. PAO was performed as originally described; however, the exposure involved a modified Stoppa incision. The cadavers were laid supine on a radiolucent operating table, and a 10-cm transverse incision was made 2 cm above the symphysis pubis (Fig. 1) . The rectus sheath was carefully incised at the inferior border of the rectus abdominis muscle. After incision of the fascia transversalis, the abdominal muscles were bluntly dissected, and the peritoneum was retracted craniomedially with a blunt retractor. The psoas and iliac veins lying on the linea pectinealis were dissected bluntly and retracted carefully. The corona mortis was dissected carefully (Fig. 2) . The periosteum was raised above the iliopectineal line, and a blunt retractor was inserted into the greater sciatic notch. At this stage, the obturator nerve was visualized in all cases and carefully preserved (Fig. 3) .
Prior to conducting the osteotomies, the greater sciatic notch, supraacetabular region, pubic rami, and quadrilateral surface were exposed, and the distances were measured as described by Shiramizu et al. 15 The first osteotomy was performed on the supraacetabular region and the iliac wing, from the pectineal line and aiming 1e2 cm distal to the medial of the anterior superior iliac spine (ASIS) (Fig. 4) . The second osteotomy was performed on the posterior colon of the acetabulum, under fluoroscopic guidance with a 45 oblique view of the iliac. This osteotomy was from the pectineal line to the inferior ischium with an angle of 130 to the first osteotomy, leaving approximately 1 cm of bone posterior to the osteotomy line to preserve the posterior colon, as described in previously conducted anatomical studies (Fig. 5 ). 15 The third osteotomy was performed on the pubic arm near to the acetabulum (Figs. 6 and 7). And the last osteotomy was performed on the distal ischium, parallel to the inferior acetabular rim (Fig. 8 ). Each stage of the operation was conducted under fluoroscopic control to ensure that the osteotome did not penetrate the joint. By twisting the osteotome under fluoroscopic guidance, it was ensured that the fragment was completely free. After completing the osteotomies, the acetabular fragment was medialized and rotated anterolaterally using a spike-tipped pusher. An anterolateral repositioning of approximately 20 was achieved under fluoroscopy. After the correction, the osteotomy was fixed with 2 or 3 3.5-mm screws (DePuy Synthes, Bettlach, Switzerland), which were inserted percutaneously from the iliac crest to the supraacetabular area, using 0.5-to 1-cm skin incisions. The operation was considered successful if direct visualization and fluoroscopic examination confirmed that the osteotome and screws had not penetrated the joint. At this stage, the applicability of an intrapelvic plate was determined; however, because previous biomechanical studies showed that 2 screws were sufficient for ideal fixation, plate fixation was not performed. 21 Following the osteotomy procedure, all hips were dissected and dislocated using the direct anterior approach and evaluated to determine whether chisel or screw penetrations had occurred to the joint and surrounding neurovascular structures (Fig. 9) . Outcome parameters were pre-and postoperative CE angle, distance between the osteotomy and ASIS, and distance between the osteotomy and sciatic notch. 2.9 cm; max: 4.6 cm), and between the osteotomy and the sciatic notch was 10.2 mm (min: 9.7 mm; max 10.8 mm). Postoperative dissection confirmed that the sciatic nerve was not damaged by the osteotomy procedure. All osteotomies were performed while the Fig. 3 . The obturator nerve. The obturator nerve (white arrow), which is prone to injury in modified Stoppa approach, was dissected and protected. pelvis was visualized through the same incision, facilitating preservation of the surrounding neurovascular structures such as the corona mortis and the obturator nerve. The corona mortis was identified as a vein in 4 cadavers and as an artery in 1 cadaver.
Results

Mean
After Ganz osteotomy was completed and fixed in the cadavers, the neurovascular structures were examined via soft tissue dissection. No damage to the surrounding arteries, veins, or nerves was determined in any of the cadavers. A non-displaced fracture that extended from the osteotomy site to the middle of the iliac wing was noted in 1 specimen. The hips were carefully dislocated to examine the acetabulum, and no osteotome penetration to the acetabulum or screw malposition was found in any of the cadavers. Obesity presented a challenge when performing PAO via Stoppa incision in 2 cadavers.
Discussion
The purpose of this study was to evaluate the applicability of a safe and easy posterior colon osteotomy using a modified approach. Ganz PAO with a modified Stoppa incision was performed on 10 hemipelvises of 5 cadavers. Our experience with this approach suggests that location of the incision may be more cosmetically acceptable than with other approaches; furthermore, the modified Stoppa incision allows the application of bilateral PAOs in the same session in cases of bilateral dysplasia. The quadrilateral surface of the acetabulum can be better visualized with this approach, allowing the osteotomy to be safely performed. Our results demonstrate that this procedure provides good exposure with minimal dissection of the soft tissues and can be performed with decreased amount of X-ray exposure because of the direct visualization of the quadrilateral surface through the exposure. To the best of our knowledge, this is the first study of Ganz PAO procedure using modified Stoppa approach.
Ganz PAO is a widely accepted procedure for treating acetabular dysplasia. 6,12,22e24 Several surgical approaches for Ganz PAO have been described; the most frequently used are the ilioinguinal and Smith-Petersen techniques. 12 However, these approaches damage soft tissue, increase the complication rate, extend the patient's hospital stay, and leave a significant and visible incision scar. Therefore, less-invasive approaches for PAOs are being investigated. The modified Stoppa incision, which provides more comfortable access to the pelvic brim and quadrilateral surface, has been previously introduced for acetabular fracture treatment. 20, 25, 26 The area entered with the modified Stoppa approach is the anterior Fig. 7 . Pubic rami osteotomy was easily performed due to its close position to the incision. extraperitoneal-prevesical true intrapelvic space. When required, this incision can be extended toward the desired side, and the exposure can be increased.
There is a potential risk of intrapelvic vascular injury during Ganz PAO. 27 A previous study reported excessive arterial bleeding requiring embolization in a patient with a prior acetabuloplasty. 28 In a study by Kambe et al discussing the increased potential for vascular injury, the distance between the ramus pubis superior and the obturator artery was found to be 27.2e33.4 mm. 29 With a modified Stoppa incision, the obturator artery, which is at high risk of injury during the classic Smith-Petersen procedure, can be protected by direct visualization. 12 In the same study, the mean anterior inferior iliac spine-external iliac artery distance was found to be 31.7 mm in females and 38.2 mm in males. Despite its advantage of visualizing the obturator artery, the modified Stoppa incision does not allow for visualization of the external iliac artery. Wall et al reported that during superior pubic ramus osteotomy, the obturator nerve and artery passes between 4 and 8 mm posteriorly. 30 In exposures made with a Smith-Peterson incision, the obturator nerve is at risk along the course of the obturator foramen because the nerve passing immediately inferior cannot be relocated and may thus be damaged during pubic ramus osteotomy. 12 With the technique applied in the present study, the full length of the obturator nerve could be visualized and protected. Femoral nerve palsy may develop in some patients when dissection performed by Smith-Petersen incision enters between the rectus and the tensor fascia lata. 12, 16, 26 Permanent dysesthesia associated with lateral femoral cutaneous nerve dysfunction severely reduces postoperative satisfaction of Ganz osteotomy patients. 31 With a modified Stoppa incision, the femoral nerve and cutaneous branch are moved, resulting in less likelihood of this complication occurring postoperatively. In our study, the incision and exposure did not approach the femoral nerve trace. Ganz et al described chisel penetration as the most severe complication of the procedure, occurring at a rate of 2.7%. 12 The accepted reason for this complication is that the quadrilateral surface cannot be directly visualized, resulting in osteotomies in this region being performed blindly. 15 In a study by Shiramizu et al that aimed to minimize complications, they attempted to prevent osteotome penetration by creating landmarks in the quadrilateral area. 15 With the modified Stoppa technique, the acetabulum is approached from the medial aspect, and the quadrilateral surface can be completely visualized. During postoperative dissections, no chisel and wire penetration was detected in any cadavers in the present study.
Patients with symptomatic hip dysplasia are generally young adult females, a patient group in which cosmetic concerns are a priority. 27, 32 Inan et al discussed this concern in a study of the application of endoscopy-assisted mini-incision PAO. 27 In clinical studies, patients who have undergone Ganz PAO have been generally satisfied with the operations. From short-and mid-term results onward, most patients describe a reduction in pain and improved joint function. 11 However, cosmetic changes and the short-and long-term effects on the patient's psychology have not been discussed in these studies. PAO performed with modified Stoppa incision may be more acceptable postoperatively because a bikini can cover the incision scar, leading us to believe that cosmetic satisfaction of patients will be greater. The length of the modified Stoppa incision is similar to that of a Smith-Petersen incision, but the Stoppa incision is parallel to the skin creases; furthermore, healing is more physiologic, so the procedure may result in less scarring than a classic incision would. The obturator vessels and nerve are the most important structures to attend to because of their direct contact with the quadrilateral surface. There was communication (corona mortis) between the obturator and the inferior epigastric veins in 40% of the 10 hemipelvises. With the modified Stoppa approach, the structure that requires the most care is a vascular structure, the corona mortis. In a cadaveric study by Kacira et al, the distances between the modified Stoppa approach and the vascular structures were described. 33 This approach was recommended in appropriate cases to increase visibility of the quadrilateral surface and the posterior colon. The corona mortis is easily protected by this approach. There were certain limitations to this study. Because a small number of cadavers were included in the study and the acetabular morphologies of the cadavers were normal, certain anatomic variations that may be observed in dysplastic hips that require live surgery could not be anticipated. Furthermore, objective outcome measures were limited, and the procedures were performed on a single ethnic group. As a result of the small number of the available cadavers, cadavers of various ages and both genders were used. The technique described in this report may be difficult to apply in obese patients and is more applicable for non-obese patients. A percutaneous Steinmann pin, similar to the anterior application of an external fixator, may be helpful for correction. In patients with acetabular dysplasia, treatment should involve radiological and clinical examinations of the intra-articular pathologies, preoperatively and using arthrotomy or arthroscopy intraoperatively. Another important limitation of the modified Stoppa approach for Ganz PAO is that an alternative approach is usually required for the treatment of intra-articular pathologies.
Conclusion
In light of the results of this cadaveric study, Ganz osteotomy using modified Stoppa technique for bilateral dysplastic hips without advanced deformities is an appropriate surgical approach that can be performed in a single session with a single incision. To confirm the smaller incision scar and the reduced heterotopic ossification resulting from the use of this technique, further clinical studies are needed to demonstrate the efficacy of the approach and the outcomes after surgery.
